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(57) ABSTRACT 

Imaging systems and methods are described. In one aspect, 
an ink layer having an electrorheological ?uid composition 
including a suspension of colorant particles dispersed in an 
electrically insulating carrier ?uid is formed on a surface. A 
charge image is projected onto the ink layer to selectively 
form charge-stiffened regions adhering to the electrically 
insulating layer and representing respective regions of the 
projected charge image. Non-charge-stiffened ink layer 
components are physically separated from the charge-stiff 
ened regions. Portions of the ink layer are electrostatically 
transferred to a receptor substrate. 

40 Claims, 3 Drawing Sheets 
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IMAGING SYSTEMS AND METHODS 

FIELD OF THE INVENTION 

The invention relates to imaging systems and methods. 

BACKGROUND OF THE INVENTION 

Traditional methods of imaging (or printing) use various 
types of long-run print forms, such as gravure cylinders, 
offset plates and ?exographic belts, Which carry a recorded 
representation of a desired image (or “signature”). For 
example, lithographic offset printing methods typically use 
aluminum plates carrying imageWise signatures on raster 
iZed ink-accepting and ink-repellant areas. A lithographic 
offset plate usually is imaged by applying an ultraviolet 
contact photography process to a sheet of silver ?lm. In this 
process, exposed raster dot areas are etched from an initial 
ink-accepting state into a Water-accepting state; unexposed 
raster dot areas remain in an ink-accepting state. Litho 
graphic inks are typically hydrophobic, exhibit high viscosi 
ties and contain small amounts of solvent. 

Other imaging methods, such as marking methods, do not 
require printing forms. For example, ink jet printing pro 
duces images by ballistically jetting a serial sequence of ink 
droplets from a distance onto a substrate (e.g., a paper sheet). 
Ink jet printing inks generally are volatile, exhibit loW 
viscosity, and may be loaded into an ink jet printer in a liquid 
or a solid state. Some solid ink jet inks may be activated by 
heating. Other solid ink jet inks, such as inks containing 
rheological ?uids, may be activated in other Ways. Magneto 
rheological ?uids are responsive to magnetic ?elds, Whereas 
electro-rheological ?uids are responsive to electric ?elds. 
One system has proposed an ink composition that is suitable 
for use in ink jet printing and includes a coloring agent and 
a carrier containing a magneto-rheological ?uid With vis 
cosity and ?oW properties that may be controlled by an 
applied magnetic ?eld. Another system has proposed an ink 
jet ink composition that includes an electro-rheological ?uid 
that enables the ejection of ink to be controlled by applying 
an electric ?eld that varies the viscosity of the ink and by 
creating a pressure difference in a venturi tube. 

Electrostatic printing methods also do not require printing 
forms. In these methods, a discharge source typically depos 
its imageWise electrostatic charges onto a dielectric member 
(e.g., a plate or a drum) to generate an electrostatic latent 
image on the dielectric member. The latent image is devel 
oped into a visible image by depositing a charged develop 
ing material onto the surface of the dielectric member. 
Charged solids in the developing material adhere to image 
areas of the latent image. The developing material typically 
includes carrier granules having charged marking or toner 
solids that are electrostatically attracted from the carrier 
granules to the latent image areas to create a poWder toner 
image on the dielectric member. In another electrostatic 
imaging method, an electrostatic latent image is formed 
directly in a layer of toner material as opposed to on a 
dielectric member. 

In this method, an image separator is electrically biased to 
selectively attract either image or non-image areas of the 
latent image formed in the toner layer. In one process, latent 
images are formed by electrocoagulation of an ink compo 
sition. In particular, the electrocoagulation involves an elec 
trochemical reaction that affects an electrolytically sensi 
tiZed polymeric ink. In this process, very short electric 
pulses are applied to a colloidal ink solution that is sand 
Wiched betWeen a cathode electrode array and a passivated 
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2 
rotating electrode. The electrocoagulated ink adheres ?rmly 
to the positive electrode imaging cylinder. The adhered ink 
is transferable to plain paper after surplus ink has been 
removed. The ink is composed of a common linear, Waste 
Water treatment polymer. The polymer is in suspension in 
Water and forms a netWork that has a tendency to fold onto 
itself in the presence of metallic ions. The solvent is Water 
mixed With electrolytic salts that render the ink electrically 
conductive. 

SUMMARY OF THE INVENTION 

In one aspect, the invention features an imaging method. 
In accordance With this inventive method, an ink layer 
having an electrorheological ?uid composition comprising a 
suspension of colorant particles dispersed in an electrically 
insulating carrier ?uid is formed on a surface. A charge 
image is projected onto the ink layer to selectively form 
charge-stiffened regions adhering to the electrically insulat 
ing layer and representing respective regions of the pro 
jected charge image. Non-charge-stiffened ink layer com 
ponents are physically separated from the charge-stiffened 
regions. At least a portion of the ink layer is electrostatically 
transferred to a receptor substrate. 

In another aspect, the invention features an imaging 
system, comprising an electrically insulating layer supported 
by an electrically conducting substrate, an inking system, a 
charge imaging print-head, a developer assembly, and a 
transfer assembly. The inking system is operable to form on 
a surface an ink layer having an electrorheological ?uid 
composition comprising a suspension of colorant particles 
dispersed in an electrically insulating carrier ?uid. The 
charge imaging print-head is operable to project a charge 
image onto the ink layer to selectively form charge-stiffened 
regions adhering to the electrically insulating layer and 
representing respective regions of the projected charge 
image. The developer assembly is operable to apply a 
shearing force to the ink layer to physically separate non 
charge-stiffened ink layer components from the charge 
stiffened regions. The transfer assembly is operable to 
transfer at least a portion of the ink layer to a receptor 
substrate. 

Other features and advantages of the invention Will 
become apparent from the folloWing description, including 
the draWings and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic side vieW of an imaging system, 
according to an embodiment of the present invention. 

FIG. 2 is a ?oW diagram of an imaging method, according 
to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In the folloWing description, like reference numbers are 
used to identify like elements. Furthermore, the draWings are 
intended to illustrate major features of exemplary embodi 
ments in a diagrammatic manner. The draWings are not 
intended to depict every feature of actual embodiments nor 
relative dimensions of the depicted elements, and are not 
draWn to scale. 

Referring to FIGS. 1A and 1B, in embodiments of the 
invention, an imaging system 10 includes an ink supply 12, 
a set of inking rollers 16, 18, an imaging roll 20, a charge 
imaging print-head 22, a developer assembly 24, and an 
impression roll assembly 26. 
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In the illustrated embodiments, inking roller 16 is imple 
mented as a conventional anilox roller that is con?gured to 
meter precise amounts of ink 28 from supply 12 onto inking 
roller 18. Inking roller 18 preferably is implemented as a 
conventional ink form roller that is con?gured to apply a 
uniform thin ink layer onto the surface of imaging roll 20. 
In some embodiments, the selected Wet ink layer thickness 
depends upon the desired dry ink layer thickness and the 
percentage of colorant solids in the ink layer composition. In 
the illustrated embodiments, an ink layer formed on the 
surface of imaging roll 20 preferably has a Wet ?lm thick 
ness of about 3—100 microns, and more preferably has a Wet 
?lm thickness of about 15—30 microns. 

The surface of imaging roll 20 is electrically insulating in 
some embodiments (eg with a resistivity that is greater than 
106 ohm-cm). In the illustrated embodiment, the surface of 
imaging roll 20 is an electrically insulating layer 21 on an 
electrically conducting substrate 23 (e.g., With a resistivity 
that is less than 106 ohm-cm). In the illustrated embodiment, 
insulating layer 21 is implemented as a glass layer. In the 
illustrated embodiment, the glass layer has a thickness of 
about 50 micrometers. In other embodiments, the glass layer 
thickness may range from 1 to 500 micrometers. In other 
embodiments, the electrically insulating layer may be made 
from other electrically insulating materials including poly 
mers such as polyester (such as Mylar®), polyimide (such as 
Kapton®), polyvinylidene?uoride (such as Kynar®), ?ame 
spray or thermal spray deposited ceramics, anodically 
sprayed oxides and CVD coatings. The material composi 
tion of the electrically insulating layer 21 is generally chosen 
for optimum surface energy and/or Wettability to optimiZe 
the removal of the unexposed ink layer and/or transfer of the 
remaining ink in the image from the insulating layer to a 
print medium (e.g. paper) for best image quality. In the 
embodiment shoWn in FIG. 1, the electrically conducting 
substrate 23 is implemented as a metal cylinder. 

The electrically insulating layer 21 further improves the 
operation of the printing apparatus by alloWing ef?cient 
localiZed heating of the image. In some embodiments, 
localiZed heating is used to remove unWanted carrier ?uid 
prior to transferring the ink from the imaging roller 20 to a 
printing medium. Without electrically insulating layer 21, 
heat may be too rapidly conducted into the conducting 
substrate, preventing or sloWing the localiZed heating. 

In other embodiments, the electrically insulating layer 21 
is not present, and the imaging roll 20 has an electrically 
conducting surface. 

Charge imaging print-head 22 may be implemented as a 
conventional masked corona generating electrode and pref 
erably has a resolution of 300 to 1,200 dots per inch (dpi) or 
any intermediate resolution such as 600 dpi, 740 dpi, 1000 
dpi, and the like. Higher and loWer resolutions may also be 
utiliZed, in some embodiments. In operation, charge imaging 
print-head 22 and imaging roll 20 are con?gured to coop 
eratively project a charge image onto the surface of the ink 
layer 30. Positive or negative corona charging may be used. 
As explained in detail beloW, ink layer 30 has an elec 
trorheological ?uid composition. By electrorheological ?uid 
composition, herein is generally meant that the viscosity of 
the ?uid changes When exposed to charge species delivered 
by charge imaging print-head 22. In embodiments of the 
invention described further beloW, the viscosity of the 
exposed ink regions increase—also sometimes referred to as 
the exposed regions stiffening. In accordance With embodi 
ments of the invention, the unexposed regions of ink layer 
30 remain unchanged. The charge-stiffened ink layer regions 
adhere to the surface of imaging roll 20 by electrostatic 
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4 
attraction. In the illustrated embodiment, the projected 
charge image corresponds to the desired ?nal image to be 
transferred to a receptor substrate, such as a paper sheet (or 
Web). In other embodiments, the projected charge image 
may correspond to a reverse image of the desired ?nal 
image, in Which case the uncharged ink layer regions 
correspond to the desired ?nal image. 

In the illustrated embodiment, developer assembly 24 is 
con?gured to apply a shearing force to ink layer 30 to 
physically separate non-charge-stiffened ink layer compo 
nents from the charge-stiffened regions. In this embodiment, 
developer assembly 24 includes an air vent 32 that is 
con?gured to deliver a sheet of gas ?oW across the surface 
of ink layer 30 and a vacuum port 34 that is con?gured to 
generate a region of reduced air pressure in the vicinity of 
the ink layer 30. Air vent 32 may be implemented as a 
conventional air knife generating air vent, such as an 
EXAIR® air knife, available from EXAIR Corporation of 
Cincinnati, Ohio, USA. In operation, the sheet of gas ?oW 
delivered from air vent 32 strips non-charge-stiffened ink 
layer components from the surface of imaging roll 20. The 
stripped ink layer components are sucked through vacuum 
port 34 into an ink reservoir, Where they may be discarded 
or recycled. 

After the non-charge-stiffened ink layer components have 
been scavenged from the surface of imaging roll 20, the 
remaining charge-stiffened ink layer regions may be elec 
trostatically transferred to a receptor substrate 36 (e.g., a 
sheet of paper). A transfer assembly 41 is provided to 
facilitate the electrostatic transfer. In the embodiment shoWn 
in FIG. 1A, the transfer assembly 41 is implemented as a 
corona charge generator unit 105 for charging the receptor 
substrate 36. Optional paper guide rollers 100 are further 
included in the transfer assembly 41 for guiding substrate 36 
in proximity of the imaging roller 20. In the illustrated 
embodiment of FIG. 1B, the transfer assembly is imple 
mented as a device 110 to apply an electrical bias to transfer 
roll 49, Which applies a bias to the receptor substrate 36 by 
pressure contact. The receptor substrate is brought into 
moving contact at the image transfer point and an electro 
static ?eld applied betWeen the uncontacted surface of the 
receptor substrate and the image drum. As shoWn in FIGS. 
1A and 1B, this ?eld may be established either through the 
use of the corona charge generator unit 105 or the electri 
cally biased transfer roll 49. 

In some embodiments, the receptor substrate is a print 
media—for example, paper, transparencies, textiles, thin 
?lms, glass substrates, or the like. In some embodiments, the 
receptor substrate is an intermediate image carrier—such as 
an elastomer image carrier. The ink layer may be further 
treated on the elastomer image carrier, in some embodi 
ments, prior to a transfer from the image carrier to a print 
media. 
An optional cleaning roller 46 (for example, a conven 

tional cloth covered roller) may be used to physically 
remove residual ink layer components from the surface of 
imaging roll 20 before a neW ink layer is formed. 
The folloWing description tracks the How diagram of FIG. 

2 and provides additional details regarding the imaging 
scheme outlined above in connection With the exemplary 
imaging system 10 of FIG. 1. 
As explained above, in operation, imaging system 10 

forms on a surface an ink layer having an electrorheological 
?uid composition (step 50; FIG. 2). The electrorheological 
?uid composition includes a suspension of colorant particles 
dispersed in an electrically insulating carrier ?uid. In gen 
eral, the ink composition includes one or more conventional 
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standard ink pigments dispersed in a resin vehicle. Pigment 
concentrations may be in the range of 2% to 50% by volume. 
The pigment dispersed resin vehicle may be dispersed as 
colloidal particles in an electrically insulating liquid carrier 
in Which the resin is insoluble. A second resin may or may 
not be dissolved in the liquid carrier. In some embodiments, 
the carrier ?uid may be formed from one or more of 
paraf?nics, paraffin oil, aliphatic ink oils, and mineral oil. 
The pigment/resin concentration may be adjusted to provide 
an ink viscosity in the range of preferably 50—5000 centi 
poise (cp) and, more preferably, in the range of 100 to 1,000 
cp, With a solids concentration of about 10% by volume. 

In some embodiments, pigment particles are milled 
directly into the carrier ?uid. Additional additives/dispers 
ants may be used With some of these pigment-only inks. 
These inks may be prepared by ball milling and pigment 
particle siZes preferably are small (e.g., less than 1 micron), 
With some larger agglomerates. In other embodiments, the 
ink composition may include pigment/polymer concen 
trates, With or Without additional additives. These concen 
trates may be obtained from pigment suppliers, such as Sun 
Chemical or Clariant, or may be formulated from raW 
pigments and resins using a tWo- or three-roll mill or 
extruder. The concentrates preferably are milled to smaller 
than 5 microns in siZe, With smaller fractions produced by 
classifying particles that are less than 2 microns. A list of 
exemplary pigment-only and concentrate-based ink formu 
lations can be found in Us. Pat. No. 6,536,876, incorporated 
herein by reference in its entirety. 

Milled pigment/polymer concentrates may be prepared 
With or Without Picco 5120 resin or some other Hydrocarbon 
resin. Pigment (no polymer) inks may be prepared using 
glycerin, esteramide Wax and maleic anhydride-modi?ed 
polyethylene as additives. In some embodiments, the pig 
ment and additive are media milled together. Some of these 
compositions may include tWo different concentrations of 
the additive. 

Acrylic, glycerin and Kraton rubber additions and/or 
pigment treatments have been shoWn to positively in?uence 
ink development. Other dispersants/pigment treatments also 
may be used to modify surface tension, viscosity, and reduce 
background staining via reduced adhesion. 

Exemplary ink raW materials and exemplary ink prepa 
ration procedures are also identi?ed in Us. Pat. No. 6,536, 
876, incorporated herein by reference. 

After the ink layer has been formed on the surface on 
imaging roll 20 (step 50; FIG. 2), a charge image is projected 
onto the ink layer to selectively form charge-stiffened 
regions adhering to the surface and representing respective 
regions of the projected charge image (step 52; FIG. 2). 

Without being bound by theory, the charged species 
generated by charge imaging print-head 22 appears to con 
vert the viscous liquid ink into a stiffened ink layer. Very 
high sensitivity may be realiZed because ?eld forces only 
have to overcome Stokes drag and very Weak particle 
particle dispersive forces. The charged regions of ink layer 
30 exhibit an increase in viscosity under the action of the 
applied electric ?eld. Positive or negative ion sources are 
used in embodiments of the invention to form the latent 
image. Generally, charge retention by the ink layer after 
exposure from charge imaging print-head 22 appears greater 
When the ink layer is on an insulating layer 21 and not 
directly on the electrically conductive substrate 20. The 
charge retained assists in holding the ink in place When 
unexposed ink is removed, improving the stability of the ink 
image and resulting in higher image quality. 
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6 
Measurements indicate that a charge exposure of about 1 

nanocoulomb/cm2 provides a developable image, in some 
embodiments of the invention. This charge level is about 
1/20 of the charge level that typically is required for ebi (ion) 
printers and about l?toth of the charge level that typically is 
required for laser printers. A charge exposure of about 2 
nanocoulomb/cm produces a developable image in other 
embodiments, a charge exposure of about 3 nanocoulomb/ 
cm2 produces a developable image in other embodiments, 
and a charge exposure of about 4 nanocoulomb/cm2 pro 
duces a developable image in other examples. The particular 
charge exposure densities used depend on the ink compo 
sition used, and desired resolution. In the illustrated embodi 
ments, typical charging charge exposure levels may be 
betWeen about 1—100 nanocoulomb/cm2, in other embodi 
ments betWeen about 5—80 nanocoulomb/cm2, in other 
embodiments betWeen about 10—60 nanocoulomb/cm2, and 
in other embodiments betWeen about 15—40 nanocoulomb/ 
cm2. Charge exposure levels greater than 100 nanocoulomb/ 
cm2 may also be used. 

In the illustrated embodiment, after a charge image is 
formed (step 52; FIG. 2), a shearing force is applied to the 
ink layer to physically separate non-charge-stiffened ink 
layer components from the charge-stiffened regions (step 60; 
FIG. 2). Since liquid Will not support shear forces, the 
unexposed ink is removed via shear stress While the charge 
stiffened solid or semi-solid ink image remains. In some 
embodiments, the shear stress may be applied by one or 
more of an air knife, vacuum suction removal, an elasto 
meric blade, a liquid spray, and a cylindrical roller. 

In the exemplary embodiment of FIG. 1, the un-coalesced 
ink is bloWn aWay using an air knife. The air knife preferably 
is set at an angle of about —90° to 90° and, more preferably, 
is set at an angle of about 15° With respect to the surface of 
imaging roll 20. The outlet of the air knife vent preferably 
is spaced from the imaging roll surface by a distance of 
about 0.5 to 50 mm. The gas pressure preferably is about 
20—60 pounds per square inch gauge (psig), although this 
parameter may be different for different ink viscosities. 

The exemplary embodiment of FIG. 1 also uses vacuum 
suction to remove non-charged-stiffened ink layer regions. 
The vacuum source may be a conventional vacuum source, 

such as a GAST rotary vane pump or an EXAIR®vacuum 

unit. The vacuum source is mounted such that the vacuum 
noZZle is spaced above the inked/exposed plate at a con 
trolled gap. In some embodiments, an EXAIR® vacuum unit 
With a 1 inch (2.5 cm) diameter vacuum opening is used. In 
these embodiments, the vacuum is created by injecting 
compressed air into an annular chamber Within a 1 inch (2.5 
cm) diameter tube With a series of exhaust holes aimed so as 
to pull a stream of air from one end of the tube, thus creating 
a vacuum. The compressed air pressure is variable, thus 
providing an easy method for controlling the vacuum related 
air?oW at the exposed ink surface. The input air pressure 
controls the volume of air sWept over the plate. In these 
embodiments, the separation gap may range from 1—100 
mils (0.025—2.5 mm) and the air pressure may be about 
20—100 psi. Vacuum scavenged ink may be returned to an 
ink reservoir for disposal or reuse. 

In some embodiments, a soft squeegee blade (e.g., a soft 
urethane elastomeric blade) may be gently draWn over the 
charged ink layer. The un-coalesced ink then may be urged 
aWay leaving the solid or semisolid image intact on the 
surface of the imaging roll 20. In general, the blade edge 
should be free of debris to provide a smooth contact With the 
ink bearing substrate. In addition, the blade should be 
compliant to the image so as not to remove it. For example, 



US 6,982,735 B2 
7 

in some embodiments, the blade preferably has a durometer 
hardness of 30 Shore A, or less. 

In some embodiments, a liquid spray may be delivered to 
the surface of the ink layer. The liquid spray preferably 
dilutes the non-charge-stiffened ink regions and preferably 
has the same composition as the carrier liquid. In these 
embodiments, the diluent preferably is delivered before the 
shearing force is applied. The diluent spray may be applied 
With an airbrush or a pump dispenser. 

In some embodiments, a cylindrical roller may be rolled 
across the surface of the ink layer to remove non-charge 
stiffened ink layer regions. The cylindrical roller may be a 
hard rubber coated roller (e.g., a conductive 85 Shore A 
hardness roller With a rather poor surface smoothness). 

Portions of the ink layer are electrostatically transferred to 
a receptor substrate (step 65, FIG. 2). The receptor substrate 
may be corona charged, or electrically biased by pressure 
contact With an electrically biased roller. The receptor sub 
strate may be a print media or an intermediate image carrier. 
TWo or more of the above-described separation methods 

may be combined in a single imaging system. 
In some embodiments, the charge-stiffened regions of the 

ink layer are separated from the non-charge stiffened regions 
prior to the electrostatic transfer to the receptor substrate. In 
other embodiments, the charge-stiffened regions of the ink 
layer are separated from the non-charged stiffened regions at 
the same time as or after electrostatic transfer of the ink layer 
to a receptor substrate. In some embodiments, the charge 
stiffened regions of the ink layer represent the desired image. 
In other embodiments, the non-charge-stiffened regions of 
the ink layer represent the desired image. 

In some embodiments, methods and printing apparatuses 
are provided for directly imaging on printing media having 
an insulating surface including, for eXample, transparencies, 
teXtiles, thin ?lms, and glass. 

Still other embodiments are Within the scope of the 
claims. 
What is claimed is: 
1. An imaging method, comprising: 
forming on a surface an ink layer having an electrorheo 

logical ?uid composition comprising a suspension of 
colorant particles dispersed in an electrically insulating 
carrier ?uid; 

projecting a charge image onto the ink layer to selectively 
form charge-stiffened regions adhering to the surface; 
and 

physically separating non-charge-stiffened ink layer com 
ponents from the charge-stiffened regions; and 

performing an electrostatic transfer of at least a portion of 
the ink layer to a receptor substrate. 

2. The method of claim 1 Wherein the surface comprises 
an electrically conductive surface. 

3. The method of claim 1 Wherein the surface comprises 
an electrically insulating layer supported by an electrically 
conductive substrate. 

4. The method of claim 3 Wherein said electrically insu 
lating layer is selected from the group consisting of ther 
moset resins, thermoplastic resins, inorganic glasses, and 
inorganic oXides. 

5. The method of claim 3 Wherein said electrically insu 
lating layer has a thickness from about 1 to 500 micrometers. 

6. The method of claim 1, Wherein the colorant particles 
and the electrically insulating carrier ?uid are characteriZed 
by different respective dielectric constants. 

7. The method of claim 6, Wherein the dielectric constant 
of the colorant particles is higher than the dielectric constant 
of the electrically insulating carrier ?uid. 
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8. The method of claim 1, Wherein the colorant particles 

are characteriZed by a diameter of about 5 pm or less. 
9. The method of claim 8, Wherein the colorant particles 

are characteriZed by a diameter of about 1 pm to about 2 pm. 
10. The method of claim 1 Wherein said electrically 

insulating carrier ?uid is selected from the group consisting 
of aliphatic ink oils, mineral oils, mineral spirits, para?inic 
?uids, paraffin oils, Magisol 44, and Isopar. 

11. The method of claim 1, Wherein the ink layer is 
characteriZed by a viscosity of about 50 cps to about 5,000 
cps. 

12. The method of claim 11, Wherein the ink layer is 
characteriZed by a viscosity of about 100 cps. 

13. The method of claim 1, Wherein the ink layer is 
substantially anhydrous. 

14. The method of claim 1, Wherein the ink layer has a 
thickness of about 3 pm to about 100 pm. 

15. The method of claim 1, Wherein projecting the charge 
image comprises selectively delivering charge species to the 
Ink layer regions to be charge-stiffened. 

16. The method of claim 1, Wherein the charge-stiffened 
regions are characteriZed by a charge exposure density of 
about 1—100 nanocoulombs/cm2 . 

17. The method of claim 1, Wherein non-charge-stiffened 
ink layer components are physically separated from the 
charge-stiffened regions by applying a shearing force to the 
ink layer. 

18. The method of claim 17, Wherein applying a shearing 
force comprises delivering a ?oW of a gas across the surface 
of the ink layer. 

19. The method of claim 17, Wherein applying a shearing 
force comprises sweeping a blade across the surface of the 
ink layer. 

20. The method of claim 19, Wherein the blade is char 
acteriZed by a durometer hardness of about 50 Shore A, or 
less. 

21. The method of claim 17, Wherein applying a shearing 
force comprises rolling a cylindrical roller across the surface 
of the ink layer. 

22. The method of claim 17, further comprising generat 
ing a region of reduced air pressure in the vicinity of the ink 
layer. 

23. The method of claim, 17, further comprising deliver 
ing a diluent to the ink layer. 

24. The method of claim 23, Wherein the diluent is 
delivered before the shearing force is applied. 

25. The method of claim 23, Wherein the diluent has the 
same composition as the electrically insulating carrier ?uid. 

26. The method of claim 23, Wherein the diluent is 
delivered in the form of a spray. 

27. The method of claim 17, Wherein the act of applying 
a shearing force comprises directing a liquid spray toWard 
the ink layer. 

28. The method of claim 1, Wherein the projected charge 
image corresponds to a desired ?nal image, and the portion 
of the ink layer transferred comprises the charge-stiffened 
ink layer regions. 

29. The method of claim 1 Wherein performing the 
electrostatic transfer comprises charging the receptor sub 
strate With a corona. 

30. The method of claim 1 Wherein performing the 
electrostatic transfer comprises applying an electrical bias to 
the receptor substrate. 

31. The method of claim 30 Wherein the electrical bias is 
applied by contact With an electrically biased roller. 

32. The method of claim 1 Wherein the receptor substrate 
comprises a print media. 
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33. The method of claim 1 wherein the receptor substrate 
comprises an elastomer image carrier. 

34. The method of claim 33 further comprising transfer 
ring an image from the image carrier to a print media. 

35. The method of claim 1, Wherein the projected charge 
image corresponds to a reverse image of a desired ?nal 
image, and the portion of the ink layer transferred comprises 
the non-charge-stiffened ink layer components to a receptor 
substrate. 

36. An imaging system, comprising: 
a surface; 
an inking system operable to form on the surface of one 

of either an electrically insulating or electrically con 
ductive layer an ink layer having an electrorheological 
?uid composition comprising a suspension of colorant 
particles dispersed in an electrically insulating carrier 
?uid; 

a charge imaging print-head operable to project a charge 
image onto the ink layer to selectively form charge 
stiffened regions adhering to the electrically insulating 
layer and representing respective regions of the pro 
jected charge image; 
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a developer assembly operable to apply a shearing force 

to the ink layer to physically separate non-charge 
stiffened ink layer components from the charge-stiff 
ened regions; and 

a transfer assembly operable to electrostatically transfer at 
least a portion of the ink layer to a receptor substrate. 

37. The system of claim 36, Wherein the surface is 
electrically conductive. 

38. The system of claim 36, Wherein the surface com 
prises an electrically insulating layer supported by an elec 
trically conducting substrate. 

39. The system of claim 36, Wherein the projected charge 
image corresponds to a desired ?nal image, and Wherein the 
portion of the ink layer transferred comprises the charge 
stiffened ink layer regions. 

40. The system of claim 36, Wherein the projected charge 
image corresponds to a reverse image of a desired ?nal 
image and the portion of the ink layer transferred comprises 
the non-charge-stiffened ink layer components. 


